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Abstract Objective Multisystemic inflammatory syndrome in children (MIS-C) is characterized
by persistent fever, systemic hyperinflammation, and multiple-organ dysfunction.
There are a few reports about MIS-C presenting with acute abdomen. The aim of
this study was to demonstrate the clinical characteristics and treatment options for
MIS-Grelated acute abdomen and appendicitis.

Methods This was a retrospective study conducted between April 2020 and Octo-
ber 2020 in our pediatric intensive care unit in Turkey. Patients between the ages of
1 month and 18 years who presented with acute abdomen and were ultimately
diagnosed with MIS-C were included.

Results Seven patients with a median age of 12.5 (interquartile range 10.5-13) years
were enrolled. Four were females. The most frequent symptoms were fever, abdominal
pain, and vomiting. Three patients had involvement of the appendix that required
surgical intervention. All pathology reports were compatible with appendicitis. The
other patients also had an acute abdomen. One patient had malignant hyperthermia
during induction of anesthesia, so surgery was postponed and medical management
was commenced. The clinical picture regressed with immunomodulation. All patients
were treated with intravenous immunoglobulin and steroids. Four patients with acute
abdomens improved with immunomodulation, and surgery was not needed.
Conclusion MIS-C may present with an acute abdomen. Immunomodulation should
be considered instead of surgery if the clinical course is not complicated.
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was in adults.' However, some reports were issued in April 2020
regarding pediatric patients presenting with a severe Kawasaki-
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Initial reports of pediatric coronavirus disease 2019 (COVID-19)
showed that the disease was usually milder in children than it
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infection.” This clinical condition was named pediatric inflam-
matory multisystem syndrome temporally associated with
SARS-CoV-2 (PIMS-TS) by the Royal College of Pediatrics and
Child Health. Subsequently, this clinical entity was named
multisystem inflammatory syndrome in children (MIS-C) by
the World Health Organization and the Centers for Disease
Control and Prevention (CDC) after similar cases were reported
throughout the world in May 2020.2 These patients presented
with recurrent fever and gastrointestinal (GI) symptoms includ-
ing abdominal pain, vomiting, diarrhea; mucocutaneous symp-
toms including rash, conjunctivitis; and neurological symptoms
such as headache, irritability, and encephalopathy.z"4

MIS-C is characterized by persistent fever, systemic
hyperinflammation, and multiple-organ dysfunction.” These
patients may rapidly progress to hypotension and shock with
cardiac and other end-organ injury.> Occasional reports of
MIS-C presenting with an acute abdomen may be found.” We
hereby presented seven patients who were admitted to the
pediatric intensive care unit (PICU) with an acute abdomen
and were subsequently diagnosed with MIS-C.

Material and Methods

This study was a retrospective cohort study between
April 2020 and October 2020 in our PICU in Ankara, Turkey.
Patients between the ages of 1 month and 18 years who
presented with an acute abdomen and were ultimately
diagnosed with MIS-C were included. Ethical approval was
obtained from the local Institutional Review Board.

All included patients met the CDC MIS-C diagnostic
criteria (=Table 1). Clinical and radiologic data were
obtained from patients’ charts and electronic records.®
MIS-C is usually treated with steroids and intravenous
immunoglobulin (IVIG) as immunomodulator therapy, enox-
aparin and acetylsalicylic acid as anticoagulants, and, occa-
sionally, anti-cytokine agents such as tocilizumab and
infliximab are employed.’

A thickened, non-compressible appendix larger than
6 mm in diameter was considered as acute appendicitis on
abdominal ultrasound.® On abdominal computed tomogra-
phy (CT), an enlarged appendix greater than 6 mm with a
thickened wall (>2mm), peri-appendiceal inflammation,
appendicolith, appendiceal abscess, or abdominal free fluid
were interpreted as acute appendicitis.8

Age, gender, hospital length of stay (LOS), underlying
medical conditions, abdominal pain, diarrhea, thrombocyto-
penia, lymphopenia, myocarditis, congestive heart failure,
shock, hypotension, pericardial effusion, coronary artery
dilatation or aneurysm, arrhythmia, rash, mucocutaneous
lesion, conjunctival involvement, cough, dyspnea, chest pain,
pneumonia, acute respiratory distress syndrome, pleural
effusion, infiltration on chest X-ray, headache, seizure, pres-
ence of acute renal injury, invasive or noninvasive mechani-
cal ventilation, complete blood count, biochemical
parameters and acute phase reactants, coagulation param-
eters, cardiac markers, treatments (IVIG, steroid, tocilizu-
mab, anakinra, anticoagulant therapy, antiplatelet therapy,
vasopressors), CT results, magnetic resonance imaging
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results, and echocardiography results were recorded retro-
spectively from patient charts and electronic hospital
records.

The vasoactive inotropic score was calculated using the
following formula: (dopamine dose [ug/kg/min]+ dobut-
amine dose [ng/kg/min]+ 100 x epinephrine dose [ug/kg/
min|+ 10 x milrinone dose [pg/kg/min]+ 10,000 x vaso-
pressin dose [unit/kg/min]+ 100 x norepinephrine dose
[pg/kg/min]).° Obesity was defined as a body mass index
>95th percentile for age in children.

The data were analyzed using SPSS 23.0 (Statistical Pack-
age for Social Sciences for Windows, Inc., United States). The
expression n (%) was used for categorical variables, and
median values and interquartile ranges (IQR 25-75) were
used for continuous variables.

Results

Nineteen patients were admitted to the PICU due to MIS-C.
Seven patients had an acute abdomen and were diagnosed
with MIS-C on follow-up. The median age of these seven
patients was 12.5 (IQR 10.5-13) years. Four patients were
girls. Two patients had obesity. SARS-CoV-2 serology was
positive in two patients, and three patients had a history of
COVID-19 polymerase chain reaction (PCR) positivity. Se-
rology was negative in the other two patients, but they had
a history of exposure to COVID-19 in the family 1 month
prior.

Seven patients had abdominal pain and vomiting, five
patients had rash, two patients had conjunctivitis, five patients
had headaches, six patients needed inotropic support, seven
patients had persistent tachycardia, and one patient had
arrhythmia (=Table 2). All seven patients had leukocytosis,
lymphopenia, elevated CRP and procalcitonin levels, elevated
troponin-T and pro-BNP levels, and elevated ferritin and
D-dimer levels. Two patients had thrombocytopenia. Two
had high creatinine (>1mg/dL), and six had elevated lactate
dehydrogenase. None had hypoalbuminemia.

All patients received oxygen by mask, and two needed
biphasic positive airway pressure support. No patients were
intubated. All patients survived to PICU discharge. All
patients received corticosteroids, five patients received
IVIG, two patients received pulse steroids, two patients
received acetylsalicylic acid, and two patients received
enoxaparin.

Three patients underwent appendectomy. These patients
had postoperative pulmonary edema. Case 1 and case 6 had
pulmonary congestion on chest X-ray (~Figs. 1A and 2). Case
2 and case 6 had acute kidney injury, which improved after
immunomodulation. Their pathology reports showed lym-
phoid hyperplasia and severe inflammation and were con-
sistent with acute appendicitis.

Case 1 was a 12-year-old male patient who had undergone
appendectomy and was admitted to the PICU after he had
rash, bloody vomiting, hypotension, and circulatory failure in
the operating room. The patient’s SARS-CoV-2 serology was
negative, but the patient had a history of contact with
COVID-19 4 weeks ago. The appendix of case 1 appeared
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Fig. 1 (A) In patient 1, chest X-ray graph demonstrates diffuse infiltration in all lung areas due to heart failure. (B) In patient 1, there was
inflammation and hyperemia in the appendix. (C) In case 1, short-axis late gadolinium-enhanced cardiac MRI; contrast enhancement consistent
with inflammation in myocardium is seen at the lateral basal part of left ventricle (white arrow).

Fig. 2 In patient 6, chest X-ray graph demonstrates congestion findings.

inflamed on laparoscopy (~Fig. 1B). Case 1 did not receive
MIS-C treatment. MIS-C was diagnosed due to the presence
of myocarditis on cardiac MRI after discharge and its clinical
similarity to other patients (=Fig. 1C).

Case 2 was a 16-year-old male with no history of chronic
illness other than obesity who had been admitted to the
referring hospital with complaints of fever, abdominal pain,
confusion, weakness, diarrhea, and a rash. His examination
findings were consistent with an acute abdomen, and his
abdominal CT scan revealed an increased (1.1 cm) diameter
of the appendix and mesenteric contamination. He under-
went appendectomy and was admitted to the PICU and
needed vasoactive infusions due to shock. ECG revealed ST
depression in leads V3 to V6, and echocardiogram revealed
an ejection fraction of 40%. He was started on IVIG 2 g/kg,
methylprednisolone, and enoxaparin.

Case 3 was an 11-year-old girl. She was presented with
complaints of shock, neurological changes, and skin lesions.
Her abdominal ultrasonography (USG) revealed significant
inflammation in the right lower quadrant, where a hypo-
dense 2 x 1.5 cm tubulonodular area, thought to represent
fluid collection or a swollen lymph node, was observed.

There were a few more enlarged lymph nodes nearby. An
increased (1.1 cm) diameter of appendix was noted, but its
tip could not be visualized. This was considered to be
possibly due to acute appendicitis. Abdominal CT revealed
diffuse inflammatory changes in the right lower quadrant,
multiple enlarged lymph nodes, a fluid collection that could
not be distinguished with certainty from the cecum, and free
fluid in the right lower quadrant and pelvis. These findings
suggested possible perforated appendicitis (~Fig. 3). When

Fig. 3 In patient 3, coronal plane CT of the abdomen; mesentery
inflammation (curved arrow), lymphadenomegaly (white arrow), and
fluid (arrow head) in pelvic area.
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Fig. 4 (A and B) In patient 4, a blanching maculopapular rash on the extremities, right inguinal area, left elbow. (C) In patient 4, non-enhanced
coronal reformatted CT image of abdomen; increased mesenteric fat density consistent with mesentericedema and inflammation (white arrow),
mesenteric lymphadenopathy (arrow head), and pelvic fluid (curved arrow). (D) In patient 4, axial CT of image of pelvis showing diffuse thickening

of terminal ileum wall (white arrow) and fluid (open arrow).

case 3’s SARS-CoV-2 antibody serology was positive, IVIG
and methylprednisolone treatment were started. A decrease
in acute phase reactants was observed after treatment.
Abdominal distension also regressed within 3 days. The
patient was transferred to the pediatric surgery ward on
the 5th day. Patient 3 was pending a diagnostic laparotomy,
but it was ultimately not needed because the clinical findings
regressed.

Case 4 was a 10-year-old male child patient with a history
of COVID-19 with a positive SARS-CoV2 PCR test 1 month
prior who presented to the pediatric emergency room with
fever, rash, and diarrhea for 4 days. His abdomen was tender,
and his bowel sounds were hyperactive. Case 4 had skin
lesions (=Fig. 4A, 4B). There was terminal ileum involve-
ment, but the appendix could not be visualized on abdominal
CT (~Fig. 4C, 4D). He was started on 2 g/kg of IVIG over 2 days
and 2 mg/kg/d of methylprednisolone. Pleural effusion was
noted on lung ultrasound, so furosemide infusion was
started. The ejection fraction on echocardiography was 59
to 60%, so milrinone infusion was started.

Case 5, a previously healthy 14-year-old girl, was admit-
ted to the emergency room with fever, weakness, headache,
abdominal pain, diarrhea, and rash. She had been febrile for
3 days and had increasingly intense abdominal pain for
2 days. She had a maculopapular rash on her abdomen,
back, and buttocks. She had abdominal distention and
guarding. Enlarged right parailiac lymph nodes with
heterogeneous echogenicity were noted on ultrasound.
Her SARS-CoV-2 serology was positive. She was diagnosed
with MIS-C, and she received IVIG (1g/kg/d for 2 days),
acetylsalicylic acid, one dose of pulse steroids (1g), and
methylprednisolone 2 mg/kg/d. Her abdominal distention
regressed on the second day of treatment, and she tolerated

enteral feeds. She was transferred to the pediatric ward on
day 3 of hospitalization.

Case 6 was a 13-year-old girl child who was admitted with
intermittent abdominal pain, fever, and diarrhea for the
preceding 5 days. The pediatric surgery team was consulted
due to the findings of mesenteric lymphadenitis and acute
appendicitis on abdominal USG. She had a positive COVID-19
PCR result 1 month prior, and her SARS-CoV2 serology was
positive. She did not undergo immediate surgery and was
started on IVIG and methylprednisolone. However, her fever
persisted and her abdomen became distended on follow-up,
so she underwent surgery with a preliminary diagnosis of
perforated appendicitis. Her pathology report was consistent
with appendicitis and localized peritonitis.

Case 7 was a 9.5-year-old girl with a history of COVID-19
2 months prior who presented with fever, abdominal pain,
and vomiting for 4 days. Her examination findings were
consistent with an acute abdomen, and her abdominal USG
revealed an increased (12 mm) appendiceal diameter. She
had malignant hyperthermia upon induction of anesthesia,
so her surgery was postponed. She received dantrolene and
immunomodulation with IVIG, and methylprednisolone was
commenced. Improvement was noted with medical manage-
ment, and surgery was not needed.

The median PICU LOS was 3 (IQR 3-5) days. All patients
survived and had good cardiac function on PICU discharge.

Discussion

We hereby report our experience with seven patients who
had an acute abdomen caused by MIS-C, which is an entity
thatis distinct from acute COVID-19 infection. Three patients
underwent appendectomy, and their pathology results were
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consistent with appendicitis. Four patients were managed
with immunomodulation.

Initial reports of MIS-C were similar to Kawasaki disease
(KD) in that the primary target organ was the heart, but
subsequently, reports of this syndrome mimicking acute
appendicitis and acute abdomen emerged. GI involvement
can also occur with KD, but the underlying mechanisms are
not clear. In the study by Fabi et al'® 106 of 302 patients with
KD had GI involvement and children younger than 6 months
were more likely to have Gl involvement. However, this study
did not report how many patients required GI surgery. MIS-C
seems to occur at a later age than KD, and GI involvement is
much more common in MIS-C. In the study by Garcia-Salido
et al,"! 60% of patients with MIS-C had GI involvement.

Acute abdomens may be caused by an infection, inflam-
mation, vascular occlusion, or obstruction. An acute abdo-
men presents with sudden onset of abdominal pain, usually
accompanied by nausea or vomiting, and it requires urgent
attention and treatment.'? MIS-C, a post-infectious condi-
tion, can also present with an acute abdomen, caused by
inflammation. The most common GI symptoms in MIS-C
patients were reported to be abdominal pain, nausea, and
vomiting.®"'> While any segment of the GI tract may be
involved, inflammation in the ileum and colon is the most
common (=Table 3). Progressive intestinal mural thickening
can cause narrowing and obstruction of the intestinal lumen.
Intestinal inflammation usually resolves with medical treat-
ment but, in rare cases, surgery may be needed.'* Moreover,
it has been stated that acute appendicitis may be associated
with appendicular arterial vasculitis in MIS-C."” In the report
by Lishman et al,’ three patients had undergone appendec-
tomy with SARS-CoV-2 serology positivity. Two of three
patients had a perforated appendix, and one patient had
hyperemia in the appendix. Similarly, in our report, patients
1 and 2 had appendiceal involvement that required surgical
intervention. Pathology reports of all three cases were
compatible with appendicitis.

In the study of Jackson et al,'® a 9-year-old girl had acute
abdominal pain. She was diagnosed with appendicitis by
abdominal ultrasonography and, consequently, underwent
appendectomy. This patient was reported to have positive
SARS-CoV-2 serology and started postoperatively on IVIG
and steroids for MIS-C. The pathology report was consistent
with extensive subserosal edema of the small bowel and
appendix and necrotizing lymphadenitis of mesenteric
lymph nodes.'®

However, there may also be a pseudoappendicular syn-
drome as in the 9-year-old MIS-C case reported by Khesrani
et al.'”” It was reported that the patient also had shock,
neurological abnormalities, and skin lesions.!” They stated
that the patient had ischemic lesions in the intestines and a
healthy appendix on laparotomy.17 In our report, patients 1,
2, and 6 who underwent appendectomy had shock requiring
vasoactive infusions. Case 7 could not undergo appendecto-
my due to malignant hyperthermia during induction and
ultimately improved on immunomodulation. She had ap-
pendicitis on ultrasound, but she did not need surgery. She
had a proven COVID-19 PCR positivity 2 months prior.

discharged
1. 10th day
2. 11th day
3. 7th day

4. 4th day
discharged
14th day discharged

Outcome

1. 5th day

2. 7th day

Died 10th day of
hospitalization

4th day transferred
floor

ventricular systolic function,

EF 52%
4. Unspecified

functions
1. Normal, EF 70%

62%
3. Mild impairment of left

Cardiac involvement

1. Unspecified

2. Reduced ventricular

2. Dilated coronary arteries, EF
Not fully specified

Normal

Not available

IVIG, acetylsalicylic acid, and steroid
2. Tocilizumab, norepinephrine, and milrinone

Only first case required mechanical

acid, inotropic support
ventilation

4. Only antibiotics

ventilation
IVIG, steroid, acetylsalicylic acid, and antibiotics

1./ 2.] 3. Cases IVIG, steroid pulse, acetylsalicylic

1. IVIG, steroid, antibiotics, and mechanic

Steroid, antibiotics

Treatments

1.

perforation and peritonitis

3. Acute appendicitis and

peritonitis
In sections of small bowel and

appendix, extensive subserosal

wall with ischemic necrosis
edema

2. Acute appendicitis with
Healthy appendix and grelic

1. Not available

Surgery | Pathology report

Yes
Yes
Yes
No
Yes
Yes
No

Case number
1.11 y/m,
2.16 y/m

1. 8y/f
2.5y[f
3.12y/m
4.8 y/m
1.9y/f
1.9y/f
1.9y/m

Khesrani et al'’
Jackson et al'®
(United States)
Moazzam et al'?

(Western South
(Algeria)

(United States)
Lishman et al'®
Africa)

Morparia et al'®

Ref

Table 3 Clinical features of different studies with MIS-C syndrome with acute abdominal condition discomfort and suspected appendix involvement

Abbreviations: EF, ejection fraction; f, female; IVIG, intravenous immunoglobulin; m, male; PCT, procalcitonin; y, years.
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Similarly, cases 3, 4, and 5 also improved on immunomodu-
lation, precluding the need for surgery.

In the report by Sahn et al,'* one patient had severe
stenosis of the terminal ileum with circumferentially in-
creased intestinal wall thickness. The resulting obstructive
symptoms resolved with medical treatment.'* In this study,
abdominal imaging findings of 19 MIS-C patients were also
reported. Seven patients had inflammatory bowel changes,
and four patients had prominent terminal ileitis and cecum
involvement.'

In the study of Morporia et al,'® one patient had appen-
diceal dilation and enlarged lymph nodes in the right hemi-
abdomen. Another patient had a normal appendix, mural
thickening, and enhancement of terminal ileum, diffuse
mesenteric lymphadenopathy. Both patients recovered
with immunomodulation.'’

In another study, 34.1% of 44 MIS-C patients underwent
abdominal imaging.” In this study, two patients had mesen-
teric lymphadenitis, six patients had acalculous cholecysti-
tis, and six patients had ascites. It was reported that three
patients had intestinal wall thickening similar to inflamma-
tory bowel disease. One of these three patients had intense
right lower quadrant pain, fever, and rash. On MR imaging,
severe concentric mural thickening, edema and extensive
mesenteric fat edema, hyperenhancement of a short seg-
ment of the terminal ileum, and, similarly, mural thickening
of the wall in the rectosigmoid colon were reported. It was
reported that the other two patients had nonspecific thick-
ened bowel folds in the right lower quadrant on ultrasound.”

In conclusion, MIS-C, an increasingly frequent disease,
should be considered in patients presenting with an acute
abdomen throughout the pandemic. Abdominal involvement
in MIS-C is more common than in KD, but it may be
challenging to distinguish one from the other. Serology for
SARS-CoV-2 may be helpful in discriminating abdominal
involvement of MIS-C and acute appendicitis. These patients
may improve with medical treatment and thus surgery may
not be required, as seen in some of our patients.

What Is Known

» MIS-C is characterized by persistent fever, systemic
hyperinflammation, and multiple-organ dysfunction.

» MIS-C may rapidly progress to hypotension and shock
with cardiac and other end-organ injury.

What Is New

» MIS-C may present as an acute abdominal condition.

* Initially, immunomodulatory therapy should be con-
sidered instead of surgery in the first-step approach if
the cases are not complicated.
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